Purpose: It is hypothesized that robotic gastrectomy may surpass laparoscopic gastrectomy after the operators acquire long-term experience and skills in the manipulation of robotic arms. This study aimed to evaluate the long-term learning curve of robotic distal gastrectomy (RDG) for gastric cancer compared with laparoscopic distal gastrectomy (LDG). Materials and Methods: From October 2008 to December 2015, patients who underwent LDG (n=809) were matched to patients who underwent RDG (n=232) at a 1:1 ratio, by using a propensity score matching method after stratification for the operative year. The surgical outcomes, such as trends of operative time, blood loss, and complication rate, were compared between the two groups. Results: The RDG group showed a longer operative time (171.3 minutes vs. 147.6 minutes, P<0.001) but less estimated blood loss (77.6 ml vs. 116.6 ml, P<0.001). The complication rate and postoperative recovery did not differ between the two groups. The RDG group showed a longer operative time and similar estimated blood loss compared with the LDG group after 5 years of experience (operative time: 159.2 minutes vs. 136.0 minutes in 2015, P=0.003; estimated blood loss: 72.9 ml vs. 78.1 ml in 2015, P=0.793). Conclusions: In terms of short-term surgical outcomes, RDG may not surpass LDG after a long-term experience with the technique.
One of the ignored advantages of robotic surgery in previous pISSN : 2093-582X, eISSN : 2093-5641 studies is that the surgeon can manipulate the four robotic arms including the camera view at will. This advantage allows the surgeon to have a relatively independent ability from that of the first assistant or the scopist, compared with conventional laparoscopic surgery. Thus, it is hypothesized that robotic gastrectomy may surpass laparoscopic gastrectomy after the operators acquire long-term experience and skills in the manipulation of robotic arms; however, no studies on the long-term learning curve of robotic gastrectomy have been undertaken yet.
Therefore, the aim of this study was to evaluate the longterm learning curve of robotic distal gastrectomy (RDG) for gastric cancer compared with LDG by means of a case-matched study with propensity score analysis.
Materials and Methods
This study was approved by the Institutional Review Board of Ajou University Hospital, and adhered to the principles of the Declaration of Helsinki and its revisions. Written informed consent was obtained from all patients undergoing the surgery.
Patients
The study design is summarized in Fig. 1 
Not matched population

Matched population
Laparoscopic distal gastrectomy n=232
Robotic distal gastrectomy n=232 Values are presented as mean±standard deviation or number (%). PSM = propensity score matching; LDG = laparoscopic distal gastrectomy; RDG = robotic distal gastrectomy; BMI = body mass index; LND = lymph node dissection. *Classification according to the American Society of Anesthesiologist. † Classification according to the Union for International Cancer Control/American Joint Committee on Cancer 7th edition. The stage was judged by radiologists based on preoperative computed tomography images.
between the two groups. PSM was performed by using the MatchIt package in the R program (R Foundation for Statistical Computing). The propensity scores were estimated by running a logit model, and the nearest neighboring matching algorithm was applied with a caliper of 0.01. A P-value of <0.05 was considered statistically significant.
Results
Patient characteristics
The patient characteristics before and after the PSM are listed in Table 1 (detailed PSM data at each operative year are shown in Supplement 1). Before the matching, the LDG group showed older age and a higher rate of comorbidity than the RDG group.
Moreover, there was a significant difference in the distribution of operative year between the two groups. However, these disparities were resolved after the matching, and no difference in patient characteristics was found in the matched groups. Table 2 summarizes the comparisons of surgical outcomes between the LDG group and the RDG group. The RDG group showed a longer operative time (171.3 minutes vs. 147.6 minutes, P<0.001) but less estimated blood loss (77.6 ml vs. 116.6 ml, P<0.001). The complication rate and postoperative recovery did not differ between the two groups, and there was no operative mortality in both groups.
Comparison of operative outcomes
Trends of operative time, blood loss, and procedural time
The RDG group was matched to the LDG group at each operative year. Then, the operative time and blood loss were compared between the two groups (Fig. 2) . The detailed procedural times of the RDG group were analyzed ( Table 2 ). The mean "before docking" time and "docking" time were 10.8 minutes and 4.5 minutes, respectively. These Values are presented as mean±standard deviation or number (%). LDG = laparoscopic distal gastrectomy; RDG = robotic distal gastrectomy. *Clavien-Dindo classification grade ≥IIIa.
procedural times did not fluctuate according to the operative years, whereas the trend of total operative times was similar to that of the "console" times (Fig. 3) .
Discussion
Despite improvements of the surgical environment in robotic surgery, the clinical advantage of robotic gastrectomy for gastric cancer remains unclear. Recently, the results of a multicenter prospective study comparing robotic gastrectomy with laparoscopic gastrectomy was published. 8 A total of 434 patients (223 robotic gastrectomies and 211 laparoscopic gastrectomies)
were analyzed on intention-to-treat and per-protocol bases. 11.3, P=0.023). More recently, Suda et al. 11 reported that robotic gastrectomy showed lower rates of local complications, such as pancreatic fistula, than did laparoscopic surgery (1.1% vs. 9.8%, P=0.007).
In the same context, we conducted this retrospective study to determine the clinical benefits of robotic gastrectomy for gastric cancer. In contrast to laparoscopic gastrectomy, the surgeon can manipulate all robotic arms. The steady camera view and consistent movement of the third robotic arm offers good operative fields, which seem better than those provided by human assis- tants. Moreover, its maneuverability could be improved through the accumulation of experience and reproduced through the operator's independent ability from that of the assistant. Thus, we hypothesized that robotic gastrectomy may surpass laparoscopic gastrectomy after the operators acquire long-term experience and skills in the manipulation of the robotic surgical platform. However, previous studies on the learning curve of robotic gastrectomy has focused on the cut-off points for surgical stability. [12] [13] [14] To our best knowledge, this study is the first to evaluate the long-term learning curve of RDG for gastric cancer. In the present study, we failed to show that RDG can surpass LDG in terms of surgical outcomes after acquiring long-term experience. However, we first performed stratified analysis in robotic gastrectomy for the operative years, and showed how the operative time and estimated blood loss changed during the long-term experience. Notably, the estimated blood loss of the RDG group was less than that of the LDG group in the early operative years; however, this advantage of RDG remarkably decreased and there was no difference between the two groups in the late operative years. In the present study, the assumed gap of operative times between RDG and LDG was about 20 to 25 minutes. This was larger than the sum of the "before docking" and "docking" times, which implied that the other procedural times in robotic gastrectomy were also longer than those of laparoscopic gastrectomy. We postulated that this was due to several reasons. First, the surgical wounds were closed with knot-burying sutures in robotic gastrectomy but not in laparoscopic gastrectomy. Furthermore, the hemostasis and irrigation after reconstruction were more difficult in some cases of robotic gastrectomy owing to the trocar placement.
The present study has some limitations. This study was confined to a single center and the experience of a single surgeon.
Furthermore, some data such as the before docking time and after console time were missed in certain patients owing to the nature of a retrospective study design. In addition, the long-term learning curve in robotic total gastrectomy was not evaluated in the present study, nevertheless the potential advantage of robotic total gastrectomy was assumed to achieve sufficient lymphadenectomy especially in the splenic hilum. Therefore, further studies are needed to confirm our preliminary results on the longterm learning curve of robotic gastrectomy for gastric cancer.
In conclusion, RDG showed a trend of longer operative times and similar estimated blood loss compared with LDG even after 5 years of experience. Moreover, the complication rates in the studied period were not different between the two groups. These results imply that RDG may not surpass LDG simply through the accumulation of long-term experience. Efforts to determine the adjunct benefits of the robotic surgical platform or surgical standardization in robotic gastrectomy would be needed in the future.
